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Abstract 
The concept of an urban consolidation centre (UCC) has been extensively studied. Despite the potential positive environmental 
and social impact, the main obstacle remains the lack of a sustainable business model. Therefore UCCs are often heavily 
subsidised and tend to disappear as soon as the subsidies stop. This paper reports on a social cost-benefit analysis (SCBA) of an 
operational UCC in the Belgian city of Antwerp. The SCBA is based on real data and volumes. It concerns a private initiative 
that is not dependent upon subsidies and is located in an area with considerable problems (e.g., average delays of 28%). Results 
show that the consolidated deliveries are beneficial for society. Based on current volumes during the start-up period it is, however, 
not financially viable. The business volume lies considerably higher. This study shows that there is potential to reach a break-
even turnover. Outcomes are linked to the transferability of the concept to other urban areas. 
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1. Introduction 
Urban areas have different functions such as being a pleasant living, leisure, trade and employment environment. 
The provision of goods for cities (i.e., city logistics) is essential but often difficult to reconcile with these functions. 
The high density in cities and the type of vehicles that distribute the majority of the goods complicate city logistics 
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further (Dablanc, 2007). Due to their size and the fact that most freight vehicles are diesel-powered, they contribute 
more to negative side effects of transport; especially when it concerns heavy goods vehicles (HGV) (Browne et al., 
2010). Effects include air pollution, noise pollution and a negative impact upon road safety (MDS Transmodal, 
2012). Pollutant emissions because of transport related activities within cities can be up to 50% - depending on the 
pollutant considered (Dablanc, 2007). In addition, congestion is a severe problem. Although freight vehicles only 
represent 8 to 15% of the total traffic flow in urban areas, they often reduce the road capacity more than other types 
of vehicles when they park for (un)loading operations (MDS Transmodal, 2012). Not only does this put a burden 
upon the society and the environment, city logistics is also complicated for the transport sector itself. Transport 
operators often do not have a clear insight in the exact costs that can be attributed to the last mile part in urban areas. 
Cost estimations as part of the total distance covered vary considerably from 28% (Arvidsson, 2013) to 40% 
(PORTAL, 2003). In urban areas, other costs like fuel are higher because of the frequency of short trips and stops 
that increase even more in situations with congestion (Filippi et al., 2010; Zunder and Ibanez, 2004). Delays also 
lead to longer delivery trips and hence increased costs of drivers (Stathopoulos et al., 2012). At the same time local 
authorities increasingly impose restrictions that complicate delivery operations further. Restrictions include time 
windows, low emission zones, and vehicle weight and size restrictions (Anderson et al., 2005; Muñuzuri et al., 2005). 
Complex and costly last mile delivery operations are, nevertheless, not only caused by city characteristics and local 
policies. A low load factor and empty rides of freight vehicles also generate high costs; in Europe more than 20% of 
the vehicles drive empty (Eurostat, 2011).  
A multitude of initiatives has been introduced to make city logistics more economically, environmentally and 
socially sustainable (for an overview see Quak, 2008).  Among these, an urban consolidation centre (UCC) is a 
broadly trialled concept. A UCC is typically located on an easily accessible location on the city borders (Quak, 
2008). Goods from outside the city are bundled for subsequent deliveries to the delivery area. It is generally accepted 
that this results in a higher load factor and fewer vehicle kilometres (vkm) (Huschebeck and Allen, 2005). For most 
UCC schemes there is not a lot of discussion regarding the social and environmental benefits. There is nevertheless a 
relatively low success rate (Browne et al., 2005). The main constraint is financial viability; stakeholders in city 
logistics (i.e., shippers, receivers and transport operators) are often not willing to pay for the additional cost of 
consolidation. Since it appears to be difficult to get a UCC autonomously running, many heavily rely upon subsidies. 
These are often provided by local authorities and UCCs tend to disappear as soon as these subsidies stop (Verlinde et 
al., 2012).  
In this study a social cost-benefit analysis (SCBA) is applied to evaluate a UCC that recently started. Social cost-
benefit analyses quantify all the welfare effects of a project and have been applied extensively in the field of 
transport (e.g., Sælensminde, 2004), but also specifically with regard to UCCs (Lewis et al., 2010; van Duin et al., 
2008). Contrary to these studies, this one reports on an operational UCC. It is therefore based on real volumes and 
data, and not on a theoretical model. The UCC is initiated by a private actor and the public sector is not involved; 
neither with subsidies, nor with supporting measures. The concept is based on offering transport operators a solution 
for their last mile deliveries in a heavily congested city. Therefore they pay a fee to the UCC operator. Compared to 
studies of operational UCCs (e.g., STRAIGHTSOL, 2014), this one differs because it is completely private, potential 
for high volumes is present and deliveries in the centre are restricted by measures. Moreover, there are considerable 
problems in the area it serves, which is elaborated further.  
The main purpose of this study is to compare the current situation with the operational UCC to the previous 
situation. Previously transport operators had to deliver goods throughout the designated urban area themselves. The 
SCBA considers all – direct, indirect and external – effects which leads to a benefit/cost-ratio. Because the UCC 
started recently (autumn 2014) and real data are used, the core analysis is based on the pilot period with a relatively 
small volume in which four transport operators delivered to the UCC on a daily basis. However, based on the data 
from the study period, additional calculations are performed in order to calculate possible future effects when higher 
volumes are consolidated. Based hereupon some general conclusions about the transferability of this specific concept 
to other urban areas are derived. The ease of applicability of a UCC elsewhere depends on many factors, including 
the size and density of the area, volume and types of goods and involvement of local authorities (SUGAR, 2011). 
The structure of the paper is as follows. The next section deals with the UCC concept, previous evaluations and the 
evaluated one in this study. This is followed by an elaboration of the applied methodology. The section hereafter 
discusses the results of the analysis, a discussion including the break-even turnovers, and the prospect and 
transferability of the concept, followed by the conclusion. 
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2. Evaluated Urban Consolidation Centre 
The evaluated UCC is located in the Belgian city of Antwerp. The metropolitan area has a population of almost 
700.000 (UNdata, 2013). On a yearly basis there are between 55 and 73 freight vehicle movements whereas the 
annual tonnage of distributed goods lies between 15 and 20 million (De Langhe et al., 2013). Antwerp is heavily 
congested with average daily traffic delays of 28% (INRIX, 2014). The city also has a large port area. In the centre 
time windows and weight restrictions are in place since several years, and from 2016 on a low emission zone will be 
implemented. In line with many other UCCs, the evaluated UCC is located on a location that is easily accessible by 
main roads but at the same time in relative close proximity to the delivery area. Changes in an urban area due to a 
UCC include the number of vehicle trips, fuel consumption, emission of pollutants, vkm, load factor and travel time 
(Browne et al., 2005). This is not only the result of purely consolidation, but also of other factors such as 
transhipping goods from large – often more polluting – vehicles into smaller and cleaner vehicles (e.g., Leonardi et 
al., 2012; Verlinde et al., 2014). The evaluated UCC, however, initially delivers with conventional (8 tonne) rigid 
trucks. Consolidation can also take place at multimodal sites by connections to water or rail (Diziain et al., 2012). 
The UCC in Antwerp is located near a waterway that allows attracting higher volumes to be delivered by barge for 
which infrastructural changes already have been made (e.g., pier, crane). The size of the serviced area can also vary 
considerably. A micro-consolidation centre, for instance, services a small area (Janjevic and Ndiaye, 2014). The 
delivery area of the evaluated UCC is large and comprises the city centre, port area as well as outskirts of Antwerp. 
As a result the size of the UCC is considerable and enables the transhipment of large volumes. In line with this, there 
are differences in the types of products that are handled, varying from large bulk to small parcels. Consequently 
there are different supply chains and receivers involved. E-commerce to consumers is, however, excluded. A 
distinctive factor of UCCs is the ownership that can be public, private or a partnership. As a business unit of the 
national postal company, the UCC is privately operated. Sufficient funds are provided by this company and as a 
consequence no subsidies are involved for the start-up. Additionally, trucks from the existing fleet of the parent 
company can be used. In general, the difficulty with UCCs is that in many cases neither the transport operator nor 
the receiver is willing to pay for the consolidation (Browne et al., 2005). Despite this, the business model initially 
focuses on transport operators because it is considered that a service can be offered in the larger area of Antwerp. 
The first year – in which the study has been carried out – is an internal pilot after which it has to become financially 
viable in its own right. The fees paid by transports operators have to cover this. The operator first of all focuses on 
the critical mass by attracting sufficient transport operators. In order to avoid subsidies, or at least generate 
additional revenues, value-added services such as storage at distance and retour logistics can be offered by a UCC 
(van Rooijen and Quak, 2010). If successful, the UCC in Antwerp also starts providing value-added services to 
receivers (e.g., storage) and transport operators (e.g., pick-ups) to generate additional income.  
Numerous existing UCCs have been evaluated using different methodologies. Leonardi et al. (2012) measured the 
local impact of a trialled UCC with a before-after assessment. The number of ex-ante studies to evaluate the 
potential of a UCC in a specific region is probably even larger. Van Duin et al. (2010) have carried out an ex-ante 
evaluation of the feasibility of a UCC in The Hague. Another study concentrated on the potential location of a UCC 
(Olsson and Woxenius, 2014). Correia et al. (2012) developed a methodology to analyse the economic and 
environmental effects of a UCC in the Brazilian city of Belo Horizonte, whereas the potential demand by receivers 
and transport operators is the core of a study in Italy (Marcucci and Danielis, 2007). All in all there are a lot of 
differences in the applied methodologies as well as in the exact characteristics of the evaluated object. In this study a 
SCBA is used to evaluate an operational UCC. The added value of this study is twofold. In the first place the 
evaluated UCC is operational and the evaluation is therefore based on real volumes and other actual data. Although 
there are comparable studies that are not based on a theoretical model but on a real application there is a second 
distinctive aspect. This study concerns a private initiative for which real volumes, costs and revenues are used. The 
majority of the UCCs in other studies are either subsidised by authorities (e.g., Monaco, see van Rooijen and Quak, 
2010) or are trials in funded projects (e.g., STRAIGHTSOL, 2014). Even when a private actor starts a UCC initiative, 
obtaining and analysing data is difficult because of commercial reasons. In addition to measuring the welfare effects, 
the availability of data also allows drawing tentative conclusions on the financial viability and subsequently on the 
possible transferability of the concept. The application of the SCBA is elaborated in the next section.  
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3. Methodology 
3.1. Social cost-benefit analysis 
In the field of transport evaluation the most commonly used methods are the cost-benefit analysis (CBA), cost-
effectiveness analysis (CEA), economic-effects analysis (EEA), SCBA and the multi-criteria decision analysis 
(MCDA) (for an overview see Browne and Ryan, 2011; Macharis, 2005). The different methods, or evaluation 
frameworks, can be used by different actors to measure the effect of policy measures, projects or technologies in the 
field of transport. The choice for a method depends on different factors. First, the object of evaluation matters; a 
measure to be implemented by authorities (e.g., Filippi et al., 2010), an infrastructural project (e.g., Sælensminde, 
2004), or a city logistics concept such as a freight tram (e.g., Quak, 2008). Second, it depends whether a project or 
measure is evaluated ex-ante or ex-post. Next, the number of alternatives is important. Finally, the nature of the 
effects is crucial because these can be monetary, quantitative but non-monetary or qualitative (Munda et al., 1994). 
Some non-monetary effects can be monetised whereas this is difficult for other effects. Different methods can also 
be used next to each other. A CEA is an economic analysis whereby it is measured how effective a certain measure, 
project or technology is with respect to the total costs. The major drawback is that only one effect can be measured 
(Browne and Ryan, 2011). The EEA primarily considers the effects of a project on the added value, employment 
and fiscal revenue and is more applicable for the government perspective (Macharis, 2005). A MCDA is appropriate 
to do a qualitative analysis. The main reason not to apply a MCDA is because financial viability is the main 
constraint that impedes successful implementation of a UCC and monetary values are considered. By applying a 
SCBA, negative externalities, effects that are disadvantageous for a large part of the society but are only caused by a 
limited number of stakeholders, are considered. The application of the SCBA in this study is illustrated in figure 1 
and consists of six steps. 
 
 
Fig. 1. Applied steps of the SCBA (Source: van Lier et al., 2014) 
According to Macharis et al. (2014) a SCBA has two advantages compared to other methods. First, all effects are 
to the extent possible expressed in monetary terms. In this way all effects can be compared with each other. Second, 
the effects of a project on a larger geographical level and with a longer time span can be analysed which provides a 
more realistic view of the total project effect on the society. The main disadvantage is the compensation criterion 
because the redistribution effects for individual shareholders do not clearly emerge from the analysis. The trade-off 
of costs and benefits is presented as the benefit/cost-ratio. A ratio of equal to or higher than one indicates that a 
project is beneficial for society. The higher the ratio the more beneficial the project is. On the results a sensitivity 
analysis is applied in order to perform a validity check for the data input and assumptions.  
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3.2. Step 1: Identification of the problem and situation 
The problem and the situation are already identified and described above. The goal of the analysis is to calculate 
the benefit/cost-ratio of the concept as it is currently operational, and hence what the net societal effect compared to 
the previous situation is. The information to calculate the SCBA is available through existing (financial) data 
provided by the UCC operator and the daily delivery sheets used for the route planning with the software (Route 
Optimiser). Every evening the planner of the UCC receives a file of each transport operator containing delivery 
information for the next day. This includes the delivery addresses, and specifics of each delivery such as the number 
of items (products in one order), the weight and size. Based on this information the planning software divides the 
deliveries of the four transport operators over the vehicles of the UCC. In this way data such as the number and type 
of vehicles, delivered orders, weight, load meters, vkm and the total time of the daily delivery trips are readily 
available with regard to the UCC. The current situation (UCC) is compared to the previous situation where four 
transport operators currently delivering to the UCC had to deliver the goods themselves. This is achieved by 
planning the routes with the deliveries in the designated urban area as if the transport operator had to make the 
delivery trip with one or more vehicles. Route Optimiser is used to plan the delivery routes per transport operator 
with the actual data they delivered to the UCC. Instead of 8 tonne rigid trucks, all transport operators used 22 tonne 
articulated trucks. This vehicle type has been entered in the software as a parameter in order to get the actual load 
factor. Because all transport operators originate from different unknown destinations, their vehicles enter the urban 
area at another place. So in order to have an equal comparison, the vehicles of the transport operators in the 
simulation also depart from the location of the consolidation centre. The planning software calculates in both 
situations the most optimal routes. In this way a before-after assessment method as applied by Leonardi et al. (2012) 
is done to calculate the difference between the two situations. Data are collected for four weeks in November-
December 2014, and are calculated as the daily average. Other data such as the investments are based on a five year 
period (228 operational days annually) and recalculated per day as well. All effects during these five years are 
discounted to the base year which allows comparing different monetary values. The analysis has two limitations. 
Despite the simulation with actual data, not all data from transport operators were available because of privacy 
issues. For instance, transport operators mostly delivered to the UCC with one articulated truck. It is, however, 
unknown what vehicles they would have used when they had to carry out the same deliveries themselves. Second, 
the study has been conducted during the pilot period and it therefore concerns a small volume. Whether more 
transport operators are attracted after this period is unclear. The investments in the depot are, however, allocated to 
cross-dock larger volumes. In the discussion, the analysis is extended by calculating the effects when higher 
volumes are consolidated.  
3.3. Step 2: Identification of welfare effects 
In this step all welfare effects of the UCC are identified. The direct effects are those directly related to the 
distribution of goods in the designated area. Indirect effects are those effects upon the society that are the result of 
the direct ones. Finally, the external effects are non-priced and are ascribed to third parties (van Lier et al., 2014). 
The welfare effects in this study are identified after an examination of the situation and consultation with directly 
involved stakeholders in combination with a literature study. The consulted literature can be divided between 
applied (S)CBAs in the field of transport (Sælensminde, 2004; van Lier et al., 2014) and studies (on the effect) of 
UCCs (Browne et al., 2005; Correia et al., 2012; Leonardi et al., 2012; STRAIGHTSOL, 2014; van Duin et al., 2008, 
2010; van Rooijen and Quak, 2010). The `Handbook on estimation of external costs in the transport sector` by 
Gibson et al. (2014) is consulted for the external effects.  
The identified direct effects in this study are composed of three aspects. First, the different capital expenditures 
(capex) in the UCC include rent and renovation of the building, material (e.g., forklift), vehicles (operational costs), 
energy costs, consultancy and ICT (software, hardware and licenses). The purchase cost of the vehicle fleet is 
excluded because trucks from the parent company are used. To allow an equal comparison, the same applies to the 
transport operators. In the analysis all effects, and particularly capex, are deduced to the net present value (NPV) per 
day from a five year period. The NPV is the present value of the benefits minus the costs when a longer time period 
is taken (Sælensminde, 2004). The second aspect is the operating expenditures (opex); those effects that change 
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directly when a higher or lower volume is transported (i.e., fuel and personnel costs). Third, there are revenues that 
are based on the average selling price per order.  
The included indirect effects are the service level of shippers towards receivers for which they depend on the 
transport operator. The bottom line herein is reliability and punctuality of deliveries (Correia et al., 2012). Other 
indirect effects are security of goods and exposure space for retailers, employee satisfaction (e.g., drivers), supply 
chain visibility, green image, attractiveness of the shopping environment, quality of life and visual nuisance.   
There is a vast literature concerning external effects. In this study Gibson et al. (2014) is consulted. The external 
effects are those that are caused by vehicle movements, or vkm, and differ per fuel type and vehicle category. Other 
important characteristics that influence the external cost per category are the road type (e.g., motorway) and region 
(e.g., urban). The external effects calculated in this study are air pollution (PM, NOx and CO2), climate change 
(CO2), noise, accidents, congestion and infrastructure. Congestion is often considered to be the most visible 
externality. The more cars and freight vehicles are delayed, the more expensive it becomes. It is even estimated that 
increased traffic in European towns and cities nearly costs 100 billion Euros every year. This corresponds to 1% of 
the GDP of the EU in 2006 (European Commission, 2007). A distinction in the costs of congestion has to be made. 
There are internal or private costs which are the costs an additional vehicle itself suffers by reducing the traffic flow. 
This is already taken into account in the travel time effects that deal with the potential loss in time by spending it in 
congested traffic (van Lier et al., 2014). The complication with calculating the external cost of congestion lies in the 
fact that external costs like air pollution apply to the whole society (inter-sectoral), whereas congestion is generally 
limited to the transport sector itself (intra-sectoral) (Verhoef, 2000). Additionally, the possible saved costs by less 
congestion can be off-set by the rebound effect; new traffic is attracted in the long run as the result of shorter travel 
times (Eliasson et al., 2013). The results concerning congestion therefore have to be interpreted with caution.  
3.4. Step 3: Valuation of welfare effects 
Although the direct effects are already expressed in monetary terms, willingness to pay (WTP) is mostly used to 
determine the monetary value of external effects (Gibson et al., 2014). The capex for the UCC are already budgeted 
to cross-dock large volumes. Capex in the previous situation are only the operational costs of the vehicles. Opex 
consists of salaries and fuel costs. Salaries are calculated by multiplying the time of the delivery round (driver 
hours) with the national average salary per hour. In case of the UCC, there are additional wages because there are 
also a planner and some employees loading and unloading vehicles at the depot. The fuel consumption per vkm is 
based on the type of vehicle (in terms of maximum payload and vehicle technology) and the actual average load 
factor for the respective vehicle. This is calculated with the aid of STREAM data and the vehicle types actually used 
that correspond to the report by den Boer et al. (2011). In this report each vehicle type (small van, rigid truck and 
articulated truck) has minimum and maximum fuel consumption in litres and emission of pollutants in gram or 
kilograms per vkm. The minimum value corresponds to an empty vehicle and the maximum to one that has a load 
factor of 100% in weight. The exact load factor per vehicle is obtained with the software as explained above and 
given for the moment the vehicle starts the urban delivery trip. The fuel consumption is calculated by multiplying 
this with the total vkm. The vehicle technology considered is for both the UCC and the transport operators a mix of 
EURO 3/4. The fee is based on the average price transport operators pay for a pallet or a package. To calculate the 
fee that the transport operators received in the previous situation without the UCC, an average selling price transport 
operators receive for the last mile part is included. Due to the fact that the data come from companies they are 
privacy-sensitive and therefore not disclosed. Since the analysis only includes the effects of the deliveries within the 
urban area, potential costs such as fuel consumption of driving towards the urban area and deliveries outside the 
designated urban area are excluded. 
Even though it is the aim to monetise as many effects as possible, some effects – principally indirect ones – are 
often vaguer and more difficult to quantify in monetary terms. In this case, these effects are included in the analysis 
in a qualitative way (van Lier et al., 2014). In this study none of the indirect effects is monetised. On the longer term 
some can possible monetised. Correia et al. (2012) use for instance exposure space in relation to a UCC whereby 
more space becomes available for displaying products by reducing (expensive) storage space in inner-cities. With 
regard to security of goods, the reason not to include is because it is hard to gather data regarding theft or missing 
products. A more or less visible supply chain might lead to respectively lower or higher costs but it is not possible to 
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extract the exact value. A green image is relevant for companies as well as for local authorities and is becoming 
increasingly advertised by companies and cities (Anten et al., 2014). The financial effects are nevertheless 
ambiguous. 
Overall, the main assumptions for the external effects are the road type (e.g., urban road), vehicle type (e.g., 
HGV 7.5-12t, 2 axles), period of the day and the location (urban) (for the different assumptions, see Gibson et al., 
2014). The external effect is given in €/vkm and the sum is calculated by the number of vkm driven with a specific 
vehicle. For diverse reasons there are differences in the costs per country and where possible local values for 
Belgium have been selected. Similar to the calculation of the fuel consumption, the emissions of PM, NOx and SO2 
in grams per vkm (air pollution) and CO2 in kilograms per vkm (climate change), are specified with aid of the 
STREAM data as explained above. The assumption on the congestion band (free flow, near capacity or 
overcapacity) has an enormous influence on the price. The costs mainly become apparent when traffic reaches a 
certain density (van Lier et al., 2014). Therefore the difference between free flow on the one hand and both near 
capacity and overcapacity on the other hand, is substantial. For congestion, local levels, with 28% in near capacity 
and 72% in free flow (INRIX, 2014), are selected and a validity check is done in the sensitivity analysis. 
4. Results 
The Table below gives an overview of the results of the before-after assessment, based on the simulation period 
of four weeks, with the third column indicating the change from the previous situation (transport operators) to the 
current situation with the UCC. The results are the calculated daily averages. The results of the SCBA, including the 
sensitivity analysis, are discussed hereafter. 
Table 1. Main results simulation period (average per day) 
Operational features UCC Transport operators Change 
Number of vehicles 6,21 (0,53 small vans 
and 5,16 rigid trucks) 
5,95 (articulated trucks) +4,4% 
Orders  75  
Kilometres driven 278,83 358,45 -22,2% 
Time daily delivery 35h14m 38h02m -7,4% 
Consolidation factor (orders per stop) 1,17 1,12 +4,5% 
Load factor 31% (weight) 
64% (load meters) 
13% (weight) 
32% (load meters) 
+18% 
+32% 
Fuel consumption (litres diesel) 96 151 -36,4% 
CO2 emissions 251,79kg 396,19kg -36,4% 
PM emissions 56,18g 94,95g -40,8% 
SO2 emissions 1,93g 3,02g -36,1% 
NOx emissions 2102,92g 3333,29g -36,9% 
 
Based on the daily planning of delivery routes the number of vehicles, kilometres driven, delivery time, 
consolidation factor and load factor of the vehicles are clear. For the transport operators those data are obtained 
through the simulation with the same software. The table shows that despite the fact that the transport operators use 
larger vehicles, the difference in the average number of vehicles used is rather small. A remark in this regard has to 
be made. Per vehicle a maximum delivery time of eight hours is considered in the software because drivers are not 
allowed to work longer hours and delivery times to receivers are also limited. Transport operators often delivered to 
the UCC with one articulated truck, whereas simulating their deliveries occasionally took more than eight hours. 
Without the UCC, the transport operators would have been obliged to deploy more vehicles. Because it is unknown 
what kind of vehicles would have been deployed, the articulated ones are used in the planning when deliveries of 
one transport operators exceeded eight hours, and consequently multiple routes were planned for one transport 
operators on some days. For backorders a small van is used by the UCC. Overall, it can be concluded that there is an 
improvement with the UCC in place in the sense that emissions decrease, fuel consumption is lower, less time is 
needed for deliveries and the consolidation factor increases.  
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4.1. Results SCBA 
The results of the SCBA in effects per day are displayed in table 2. The results are based on a trade-off of the 
data obtained in the before-after assessment in the previous section. In line with table 1, the results are given as daily 
averages. It is assumed that the same volume is transported during five years. This is rather unlikely but forecasts 
are not considered in the main analysis because it is then no longer based on actual data. Because it concerns 
private-sensitive data, not everything is disclosed.  
Table 2. Trade-off costs and benefits per day 
Direct effects 
Direct costs Capex Negative 
 Salaries Negative 
Direct benefits Revenue Positive 
 Fuel €75,66 
Indirect effects For the record 
External effects 
External benefits Air pollution €21,60 
 Climate change €13,00 
 Noise €8,34 
 Accidents €0,79 
 Congestion €250,94 
 Infrastructure €15,22 
Benefit/cost-ratio 0,42 
 
Overall, capex is negative for the UCC. The UCC involves costs that the transport operators do not have to 
consider. The start-up costs do not only consider the possibility to cross-dock at a depot but also to consolidate 
larger volumes than are distributed in the study period. The salary costs are also negative for the UCC. Although the 
delivery round (i.e., driver costs) is less compared to the previous situation, additional employees are working at the 
depot. The revenues show a positive net result. This implies that the fee the transport operators receive for the last 
mile (as part of the total delivery trip) is lower than the fee they pay to the UCC. Fuel costs are lower for the UCC 
due to the lower number of vkm in combination with smaller – less consuming – vehicles. The different indirect 
effects are included for the record. Lastly, the external effects – calculated with assumptions from Gibson et al. 
(2014) and further specified with STREAM data (den Boer et al., 2011) – all indicate that there is a net benefit with 
the UCC. Only considering the external effects leads to a positive effect for society. Altogether, the trade-off of the 
total costs and benefits is negative for the UCC with a benefit/cost-ratio of 0,42. It could thus be said that the 
societal return for every € invested in the UCC is only €0,42. This is in line with many other evaluated UCCs that 
are successful regarding social and environmental effects but are not able to become financially viable. 
4.2. Sensitivity analyses 
Sensitivity analyses are performed in order to do a validity check on different data or assumptions. Differences in 
the congestion band, a high and low diesel price, different load factors and alternative vehicle types are considered 
(Lewis et al., 2010). Congestion is the external effect that causes the highest external cost. The congestion band is 
based on local values; 72% of the vkm in free flow and 28% in near capacity. A lower value with 24% in near 
capacity and consequently 76% in free flow leads to a ratio of 0,38. A higher congestion band (32/68) leads to a 
ratio of 0,45. Overcapacity is not considered because even with busy traffic, most delivery operations take place 
outside peak hours. It can be said that congestion has a high impact on the final result. The diesel price that is 
applied in the calculation is the national price during the calculation period. The justification to maintain this price 
for a simulation period of five years is that it is in between the highest and lowest value in the past seven years. 
Increasing or decreasing the fuel price by 15% barely affects the benefit/cost-ratio. A higher or lower load factor of 
vehicles influences the fuel consumption and the emissions of the pollutants which are included in the external 
effects of air pollution and climate change. A large change in the load factor from 0% (empty) to 100% (full) in both 
situations has a very limited effect on the benefit/cost-ratio. Deploying cleaner vehicles (e.g., EURO 6) also has a 
limited effect. The main external effect that causes costs is congestion. Replacing the fleet with cleaner vehicles 
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does not decrease the presence of vehicles. Moreover, savings of deploying a cleaner vehicle have to be off-set 
against the investment. When the fleet of the UCC operator is for instance replaced with electric vehicles that do not 
emit anything, the ratio changes considerably. Not taking into account well-to-tank processes (Messagie et al., 2014), 
it is assumed that there are no costs at all for climate change and air pollution. In that case the benefit cost ratio rises 
to 0,47. Because the investments are unknown these are not taken into account here but it can be expected that capex 
rises considerably which lowers the ratio at the current scale of the UCC. Moreover, electric vehicles are only 
competitive to conventional ones if they have a payload of less than 3.5 tonnes and ones with a payload of 8 tonnes 
are currently not commercially available (Lebeau et al., 2015a). 
5. Discussion 
5.1. Scaled volumes 
Although the benefit/cost-ratio is calculated with actual volumes, it concerns the pilot period with relatively low 
volumes and does therefore not provide sufficient information concerning the long-term viability of the UCC. 
Calculating the effect when a higher volume is consolidated allows drawing conclusions on its financial viability 
(i.e., business volume) and prospect (see next section). As elaborated, it remains a challenge to get a UCC 
autonomously running. An additional factor is the urban freight transport market which is characterised by high 
competitiveness with 85% of the short-distance truck companies that employ less than five drivers and carry out 
80% of the urban deliveries (Dablanc, 2011). In such a highly fragmented market, margins are therefore small and 
so is the available fee that a UCC can potentially demand. Subsequently it is difficult to find a suitable business 
model. For the UCC this means that even if it receives a fee, the critical mass to reach a business volume is 
substantial. From the business perspective the UCC in Antwerp nonetheless started because the operator assumed 
that a critical mass can be reached. This can be supported by the characteristics of the city such as its size, the large 
amount of distributed goods, and the urban delivery operations which are hindered by congestion and restrictions.  
Calculating the effects when a higher volume is consolidated means not simply multiplying the averages from the 
simulation period. Because of economies of scale, there are potential efficiency gains for the UCC. Different 
assumptions considered changing are the consolidation and load factor, the number of vkm and time per delivery. 
As a result revenues, fuel consumption, salaries, and the external effects change. Because potential efficiency gains 
are unknown, the results of the calculations here have to be interpreted with caution. In the first place the 
assumptions are multiplied with the averages of the simulation period (e.g., vkm per delivery). For the UCC this 
probably leads to overestimation of the calculated break-even volumes. Efficiency gains include an increase in the 
drop density which leads to time savings, fewer kilometres per delivery and fewer trucks relatively. Second, value-
added services are offered as soon as the main service of the UCC towards transport operators is guaranteed. 
Consequently, additional income is generated. This is, however, not considered and break-even volumes might be 
reached at lower volumes than calculated here. Finally, in the near future large volumes are expected to be delivered 
by barge. This complicates the comparison with the external effects in the previous situation. Upscaling the volume 
therefore shows the ‘worst case situation’ but at the same time prevents too optimistic forecasts. With these 
limitations in mind the break-even turnover to reach a net societal benefit is calculated. The benefit/cost-ratio in the 
current situation is 0,42 which is largely caused by disproportionate capex. This has to be increased until it reaches 1 
in order to calculate the break-even turnover in volume. When the current daily volume increases by 80% from 75 to 
135 orders per day, the UCC yields a net societal benefit. At this volume, however, the UCC is not yet financially 
viable. With the limitations as described above considered, the daily volume has to increase by a factor 4.47 to make 
the UCC autonomously running. 
5.2. Prospect and transferability 
There are several prerequisites for a UCC to be successful on the basis of which conclusions can be derived 
regarding the future potential of the evaluated UCC as well as the transferability of the same business model to other 
urban areas. After a review of 67 UCC schemes, Browne et al. (2005) conclude that in general there is greatest 
potential for success if one or more of in total five criteria are met: 
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x Strong public sector involvement in encouraging the use through a regulatory framework; 
x Significant problems in the area; 
x Bottom-up pressure from local interests;  
x The logistics problems that are solved should be associated with a site that has single manager or landlord. 
x The availability of funding. 
 
The four prerequisites to be economically viable are a critical mass of users and volumes, willingness by main 
stakeholders to use the UCC, additional services to gain extra revenues and no dependence upon subsidies (Browne 
et al., 2005).  
The criterion on the involvement of the government is not fulfilled. At least, the regulatory framework does not 
target the UCC directly with time windows and weight restrictions, whereas a low emission zone which will be 
implemented in 2016. Inner-city deliveries, especially with truck trailer combinations, are discouraged and it is 
therefore argued that these measures can support a UCC indirectly (Lebeau et al., 2015b). Antwerp is one of the 
most congested cities in Europe. Poor accessibility and access restrictions restrict deliveries with large vehicles and 
therefore encourage the use of a consolidation initiative (Janjevic and Ndiaye, 2014). Several transport operators 
already deliver to the UCC and this seems to indicate that there is a demand from the sector. There is not a single 
site or landlord involved, but the UCC delivers to different types of receivers (e.g., retailers, warehouses) throughout 
a large delivery area. Apart from those criteria, numerous studies have shown that the main problem of UCCs is 
financial. The availability of funding as one of the five criteria is present. The UCC does not depend upon subsidies, 
but considerable capital investments are available because it is a business unit of the national postal company. This 
is only important for the start-up but does not say anything about the long-term financial viability. In this regard 
other important conditions are a critical mass of users and volumes which can be acquired by sufficient demand 
from the market. Since it is unknown to what extent outsourcing deliveries yields a benefit, the willingness to make 
use of the UCC depends on the calculation each separate transport operator makes. Herein the trade-off between the 
fee and the saved costs is decisive and this depends on the costs that deliveries in Antwerp cause vis-à-vis the 
revenues. Based on the features of the transport operators outsourcing to the UCC it is observed that they had one or 
more of the following characteristics:  
 
x Large vehicles: a company which uses large vehicles might have difficulties with deliveries in urban areas with 
restrictions and/or narrow streets; 
x Few deliveries: make it relatively expensive to enter a (congested) urban area; 
x Low consolidation factor; 
x Low drop density: deliveries are spread widely across a (large) urban area. 
 
An additional motive to use a UCC, that is often not considered, might be changes in the pre- and post-haulage. 
Transport operators can make possible adjustments in their operations. Adjustments that – depending on the 
transport operator considered – can lead to benefits; for instance delivering to the UCC with one large vehicle 
instead of multiple smaller vehicles that can access the delivery area. Thus benefitting from larger vehicles for the 
long haul outside the city without having the disadvantages within the city (Quak, 2008). Outsourcing can be 
financially attractive because of lower long-term investments in vehicles (van Binsbergen and Visser, 2001). With 
regard to post-haulage, pick-ups can be done at earlier more convenient times and if possible additional volume can 
be attracted. An overview of other potential benefits is given in the study by Kin et al. (2015) and include, amongst 
others, a better service level and a more optimal planning of deliveries between different urban areas. Eventually 
these changes are especially relevant for larger transport operators who can optimise their fleet (van Duin et al., 
2008). 
Eventually, the specifics of the concept in combination with the characteristics of the delivery area are decisive. 
Regarding the latter, the potential for critical mass is present in Antwerp because of the size of the city, including a 
large port area. Additionally, there are grave problems and delivery operations are restricted. In a small area – even 
with considerable problems – the UCC is not going to be financially viable due to a lack of sufficient volume. Vice 
versa a large area with few delivery problems does not provide an incentive for a transport operator to outsource last 
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mile deliveries. Concerning the concept, capital investments are ultimately necessary and volumes have to grow. 
Therefore a comparable structure whereby a relatively large company provides the necessary funds is an option to 
avoid subsidies. Eventually, the reason to pay the fee is to avoid inefficient last mile deliveries. Apart from the city, 
the presence of a port is beneficial for this UCC because it allows for intermodal transport and a considerable 
amount of goods is delivered to and picked-up in this area. 
6. Conclusion 
In line with many other evaluated UCCs, the one in this study has a positive impact upon the society and the 
environment. Compared to the previous situation without the consolidated deliveries, it improves city logistics in the 
designated area with regard to pollutants emitted, congestion, noise, safety and infrastructure. The benefit/cost-ratio 
of 0,42 indicates, however, that the UCC does not yield a net societal benefit at its current scale. This is the result of 
the direct costs, largely caused by high start-up costs, which have to be recouped. The small scale during the pilot 
period is not an option for this privately running concept. The UCC starts yielding a net societal benefit 
(benefit/cost-ratio of 1), when the current volume rises by almost 80%. The business volume, not considering the 
external effects, is 4.5 times the current volume in which four transport operators deliver to the UCC. Although this 
is substantial, the break-even turnover is most likely lower for several reasons; increase in drop density, volume by 
barge and income because of value-added services. The size of the delivery area, current congestion levels and 
restrictions provide a high potential to reach this business volume in Antwerp. 
The characteristics of the urban area as well as those of the concept are important when it comes to transferability. 
The potential demand for a UCC is based on a trade-off between the size of the area (availability critical mass) and 
the extent to which deliveries are complicated and hence become expensive (restrictions by authorities and problems 
like congestion). Considered that there is a comparable situation, the question remains whether the concept itself is 
sustainable. The required capital investments to start a UCC are considerable and to avoid the use of public money, 
a comparable structure whereby a large company provides start-up funds is recommended. In order to recoup the 
investments and become autonomously running, revenues have to be generated. The business model of this UCC is 
based on providing transport operators a solution to avoid costly last mile deliveries. A fee for this service is only 
being paid if it for a transport operator turns out that the cost of the last mile is too high compared to the fee it 
receives from the shipper. This depends on the features of each separate transport operator. In this study the 
transport operators had large articulated trucks in their fleet which complicate inner-city deliveries. Their deliveries 
in the designated area are furthermore characterised by a low consolidation factor, a low drop density or few 
deliveries. The willingness of some transport operators to use the UCC might grow if it becomes clear that 
outsourcing last mile deliveries leads to beneficial operational changes outside the urban area (e.g., fleet 
optimisation, pick-ups at more convenient times). Avenues for future research include the exact trade-off between 
the fee paid and the costs of last mile deliveries, and the operational adjustment in the pre- and post-haulage for 
transport operators as a result of using a UCC. 
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